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S3 as a second high speed. Accordingly, the winding of the
seat belt is promptly completed so that the seat belt is less
likely to be caught by a door when the occupant gets out of the
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SEAT BELT RETRACTOR AND A SEAT BELT
DEVICE

BACKGROUND

The present invention relates to a seat belt retractor having
a function of winding up a seat belt by means of a motor and
to a seat belt device having the same.

FIG. 3 schematically shows a seat belt device installed in
an automobile or the like. A seat belt (sometimes called
“webbing”) 1 has one end fixed to a side anchor 2 attached to
a vehicle floor and the other end wound up by a seat belt
retractor 4 through a deflection fitting 3 attached to a vehicle
pillar. Though the deflection fitting 3 and the seat belt retrac-
tor 4 are generally hidden by the interior panel for the vehicle
pillar so that these are normally not seen from the vehicle
cabin, these are illustrated as being seen from the vehicle
cabin in FIG. 3 for convenience of explanation. The seat belt
1 is provided with tongue 9.

There is another side anchor 5 attached to the vehicle floor
to which a strip 6 is attached. Attached to an end of the strip 6
is a buckle 7. After an occupant sits on a seat 8, the tongue 9
is pulled to withdraw the seatbelt 1 from the seat belt retractor
4 and to extend the seat belt 1 across the front of the occu-
pant’s body and is latched to the buckle 7. As an occupant’s
hands are then released from the tongue 9 and the buckle 7,
the seat belt 1 is wound up by the action of the seat belt
retractor 4 such that the seat belt 1 fits the occupant’s body.

As mentioned above, the seat belt retractor 4 has a function
of taking up a part of the seat belt which is excessively
withdrawn when the tongue 9 is latched to the buckle 7 after
the occupant sits and withdraws the seat belt 1. To achieve this
function, a return spring is used in the conventional seat belt
retractor 4. For wearing the seat belt 1, an occupant withdraws
the seat belt 1 against the biasing force of the return spring and
releases his or her hand from the tongue 9 after latching the
tongue 9 to the buckle 7. By the force of the return spring, the
part of the seat belt 1 which is excessively withdrawn is thus
retracted by the seat belt retractor 4 until the seat belt fits the
occupant’s body.

As mentioned above, a seat belt retractor is required to
satisfy both the following: (1) to securely wind up an exces-
sively withdrawn seat belt until the seat belt fits the occu-
pant’s body or, in case that nobody wears the seat belt, to wind
up the withdrawn seat belt until the seat belt is securely
housed in a housing, and (2) not to impart unnecessary tight-
ness on an occupant’s chest normally wearing the seat belt.

In the case of a seat belt retractor utilizing a biasing force of
a single return spring, however, when a spring having a weak
biasing force is employed as the return spring in order to
reduce the pressure to the chest of the occupant during wear-
ing, the biasing force for winding up the belt (for housing the
belt) must be poor so that the operationability and the retract-
ability are deteriorated. On the other hand, when a spring
having a strong biasing force is employed as the return spring
in order to provide sufficient biasing force for winding up the
seat belt, there is a problem of increased tightness in chest of
an occupant even when normally wearing the seat belt.

In addition, in the conventional seat belt retractor having a
built-in single return spring, there is also a problem that the
biasing force of the return spring is increased as the with-
drawn amount of the seat belt is increased so that increased
withdrawing force is required as the withdrawn amount is
increased.

As a seat belt retractor capable of solving the aforemen-
tioned problems, a seat belt retractor which can wind up a seat
belt by amotor or acombination of a motor and a return spring
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2

is disclosed, for example, in Japanese Patent Unexamined
Publication No. 2001-225720 (incorporated by reference
herein in its entirety). Such a seat belt retractor having a
mechanism of winding up a seat belt utilizing a motor is also
described in Japanese Patent Unexamined Publication No.
H11-301407 and Japanese Patent Unexamined Publication
No. H11-334533 (both of which are incorporated by refer-
ence herein in their entirety).

SUMMARY

According to a first embodiment of the present invention, a
seat belt retractor is provided. The seat belt retractor has a
function of winding up a seat belt by a motor. A speed of
winding up the seat belt after the release of latching between
a buckle and a tongue on the seat belt is varied.

According to a second embodiment of the present inven-
tion, a seat belt system is provided. The seat belt system
comprises a seat belt, a tongue attached to the seat belt, a
buckle configured to releasably latch with the tongue, and a
seat belt retractor with a motor configured to enable a winding
up process of the seat belt. The motor is configured to wind up
the seat belt after unlatching of the tongue and the buckle. A
speed of the motor is configured to vary between a first high
speed, a low speed, and a second high speed.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only, and are not restrictive of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become apparent from the following
description, appended claims, and the accompanying exem-
plary embodiments shown in the drawings, which are briefly
described below.

FIG. 1is a chart showing changes in speed of winding up a
seat belt in a seat belt retractor as a first embodiment of the
present invention.

FIG. 2 is a chart showing changes in voltage to be applied
to a motor for winding up a seat belt in a seat belt retractor as
a second embodiment of the present invention.

FIG. 3 is an illustration schematically showing a seat belt
device installed in an automobile or the like.

DETAILED DESCRIPTION

In the conventional seat belt retractor utilizing a motor, the
speed of winding up the seat belt by the motor is maintained
constant (the voltage applied to the motor is maintained con-
stant). However, this conventional method has the following
problems.

That is, in the case of too slow of speed in winding up the
seat belt, it takes too much time to wind up the seat belt after
the occupant takes off the seat belt. Therefore, the unwound
seat belt sometimes disturbs the occupant when getting out of
the vehicle. Further, there is also a problem that the seat belt
is caught by a door because the winding of the seat belt is not
completed until the occupant closes the door after getting out
of the vehicle.

On the other hand, in the case of too fast of speed in
winding up the seat belt, the tongue on the seat belt, which is
rapidly wound up, may strike and thus scratch an interior
panel or generate noise.

Embodiments of the present invention were made under
the circumstances and an object of the present invention is to
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provide a seat belt retractor in which the seat belt is less likely
to disturb an occupant due to uncompleted winding of the seat
belt when the occupant gets out of the vehicle, the seat belt is
less likely to be caught by a door when the occupant closes the
door after getting out of the vehicle, and the tongue is less
likely to scratch an interior panel and less likely to generate
noise. Another object of embodiments of the present inven-
tion is also to provide a seat belt device or system having such
a seat belt retractor.

A first embodiment for solving the aforementioned prob-
lems is a seat belt retractor having a function of winding up a
seat belt by a motor, and is characterized in that the speed of
winding up the seat belt after the release of latching between
the buckle and the tongue on the seat belt is allowed to be
varied.

According to this embodiment, since the speed of winding
up the seat belt after the release of latching between a buckle
and a tongue on the seat belt by an occupant is allowed to be
varied by a user, flexible control can be conducted.

A second embodiment for solving the aforementioned
problems is the first embodiment and is characterized in that
the speed of winding up the seat belt is variable according to
the time period elapsing from the release of latching between
the buckle and the tongue on the seat belt.

According to this embodiment, since the speed of winding
up the seat belt is varied according to the time period elapsing
from the release of latching between the buckle and the
tongue on the seat belt by an occupant, the seat belt can be
wound up at a proper speed according to the amount the seat
belt is wound.

A third embodiment for solving the aforementioned prob-
lems is the second embodiment and is characterized in that the
seat belt is wound up at a first high speed until a first prede-
termined time period elapses from the release of latching
between the buckle and the tongue on the belt, the seat belt is
wound up at a low speed until a second predetermined time
period elapses after the first predetermined time period, and
the seat belt is wound up at a second high speed until the
winding of the seat belt is completed after the second prede-
termined time period.

According to this embodiment, since the seat belt is wound
up at a first high speed until the first predetermined time
period elapses from the release of latching between the buckle
and the tongue on the seat belt, the seat belt immediately
moves away from the occupant’s body to allow the movement
of the occupant. Since the seat belt is wound up at the low
speed until the second predetermined time period elapses
after the first predetermined time period, the seat belt is
wound up slowly, the tongue is less likely to rapidly strike and
thus scratch an interior panel and is less likely to generate
noise. Since the seat belt is wound at the second high speed
finally, the retraction of the seat belt is promptly completed so
that it is less likely to cause such a situation that the seat belt
is caught by a door when the occupant gets out of the vehicle.

A fourth embodiment for solving the aforementioned prob-
lems is the first embodiment and is characterized in that the
speed of winding up the seat belt is variable according to the
amount of the seat belt is wound up after the release of
latching between the buckle and the tongue on the seat belt.

This embodiment can exhibit works and effects obtained
by the aforementioned second embodiment.

The fifth embodiment for solving the aforementioned
problems is the fourth embodiment and is characterized in
that the seat belt is wound up at a first high speed until the seat
belt is wound up by a first predetermined amount from the
release of latching between the buckle and the tongue on the
seat belt, the seat belt is wound up at a low speed until the seat
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belt is wound up by a second predetermined amount after the
first predetermined amount of the seat belt is wound, and the
seat belt is wound up at a second high speed until the winding
of the seat belt is completed after the second predetermined
amount of the seat belt is wound.

This embodiment can exhibit works and effects obtained
by the aforementioned third embodiment.

The sixth embodiment for solving the aforementioned
problems is the first embodiment and is characterized in that
the speed of winding up the seat belt is controlled by voltage
to be applied to the motor.

The winding-up speed by the motor may be detected by a
speed meter such as a tachogenerator and may be controlled
by a speed control unit. However, the speed meter and the
speed control unit increase the cost. On the other hand, it is
believed that the load of winding up the seat belt is substan-
tially constant so that a substantially constant relationship is
established between the voltage applied to the motor and the
rotational speed of the motor. Therefore, according to this
embodiment, the speed of the motor is varied only by chang-
ing the voltage to be applied to the motor without using a
speed control unit for the motor.

The seventh embodiment for solving the aforementioned
problems is a seat belt device comprising a seat belt retractor
of the first embodiment, a seat belt, a tongue, and a buckle.

This embodiment can exhibit works and effects corre-
sponding to the works and effects obtained by the aforemen-
tioned first embodiment.

Embodiments of the present invention can provide a seat
belt retractor in which the seat belt is less likely to disturb an
occupant due to uncompleted winding of the seat belt when
the occupant gets out of the vehicle, the seat belt is less likely
to be caught by a door when the occupant closes the door after
getting off the vehicle, and the tongue is less likely to scratch
an interior panel and less likely to generate noise. Embodi-
ments of the present invention can also provide a seat belt
device having such a seat belt retractor.

Hereinafter, embodiments of the present invention will be
described with reference to the attached drawings. FIG. 1isa
chart showing changes in speed of winding up a seat beltin a
seat belt retractor as a first embodiment of the present inven-
tion. In this case, a motor of the seat belt retractor is provided
with a speed control unit.

As an occupant releases the latching between a buckle and
a tongue (buckle release), the seat belt retractor winds up the
seat belt at a winding-up speed S1 as a first high speed.
Accordingly, the seat belt moves away from the occupant
immediately.

As a time period (T1-T0) elapses from the buckle release,
the seat belt retractor winds up the seat belt at a winding-up
speed S2 as a low speed (actually, the time at which the
winding-up speed becomes the winding-up speed S2 is
delayed because of inertia as shown in FIG. 1). Accordingly,
the seat belt is slowly wound up so that the tongue is less
likely to strike and thus scratch an interior panel and is less
likely to generate noise.

As a time period (T2-T1) further elapses, the seat belt
retractor winds up the seat belt at a winding-up speed S3 as a
second high speed. Accordingly, the winding of the seat belt
is promptly completed so that the seat belt is less likely to be
caught by a door when the occupant gets out of the vehicle.

FIG. 2 is a chart showing changes in voltage to be applied
to a motor for winding up a seat belt in a seat belt retractor as
a second embodiment of the present invention. In this case,
the motor of the seat belt retractor is provided with no speed
control unit.
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When the torque load of the motor is constant, the rota-
tional speed V of the motor depends on the voltage E applied
to the motor. Since it is believed that the torque of winding up
the seat belt after the release of the latching between the
buckle and the tongue is constant, the voltage to be applied to
the motor is controlled without controlling the speed of the
motor in this embodiment. That is, as the occupant releases
the latching between the buckle and the tongue (buckle
release), a first high voltage E1 is applied to the motor of the
seat belt retractor. Accordingly, the motor rotates at a high
speed so that the seat belt moves apart from the occupant
immediately.

As a time period (T1-T0) elapses from the buckle release,
a constant voltage E2 is applied to the motor of the seat belt
retractor. Accordingly, the motor rotates at a low speed and
the seat belt is therefore slowly wound up so that the tongue is
less likely to strike and thus scratch an interior panel and is
less likely to generate noise.

As a time period (T2-T1) further elapses, a second high
voltage E3 is applied to the motor of the seat belt retractor.
Accordingly, the seat belt is wound up at a high speed and the
winding of the seat belt is therefore promptly completed so
that the seat belt is less likely to be caught by a door when the
occupant gets out of the vehicle.

As the winding by the motor is completed, the load of the
motor is increased so that the current flowing in the motor is
also increased. By detecting this increase, the voltage is tuned
to 0.

In the aforementioned embodiments, the speeds or the
voltages may be set such that S1=S3 or E1=E3 and the time
periods (T1-T0) and (T2-T1) may be allowed to be varied. By
allowing the time periods (T1-T0) and (T2-T1) to be varied, it
is capable of adjusting the speed of winding-up the seat belt
according to the occupant’ size and/or the occupant’s taste.

Though time is given on the axis of abscissa in FIG. 1 and
FIG. 2, the amount the seat belt is wound up may be given on
the axis of abscissa and the winding-up speed or the voltage to
be applied to the motor may be changed according to the
amount the seat belt is wound up, similar to FIG. 1 and FIG.
2. In this case, T0, T1, T2 are not time; T0 means that the
amount of wound seat belt is 0, and T1 and T2 mean respec-
tive predetermined amounts of wound seat belt.

Japan Priority Application 2004-292048, filed Oct. 5,
2004, including the specification, drawings, claims and
abstract, is incorporated by reference in its entirety.

Given the disclosure of the present invention, one versed in
the art would appreciate that there may be other embodiments
and modifications within the scope and spirit of the invention.
Accordingly, all modifications attainable by one versed in the
art from the present disclosure within the scope and spirit of
the present invention are to be included as further embodi-
ments of the present invention. The scope of the present
invention is to be defined as set forth in the following claims.

What is claimed is:

1. A seat belt retractor, comprising:

a motor for winding up a seat belt;

wherein the motor is configured to be controlled so that a
speed of winding up the seat belt is varied between
different winding speeds;

wherein the motor is configured to be controlled so that the
different winding speeds are each produced when a
buckle and a tongue on the seat belt are in an unlatched
state; and

a control unit configured to control a speed of the motor
between a first high speed, a low speed, and a second
high speed;
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wherein the control unit is configured to control the speed
of the motor so that the first high speed, the low speed,
and the second high speed are each produced when the
tongue and buckle are in an unlatched state.

2. The seat belt retractor according to claim 1, wherein the
speed of winding up the seat belt is variable according to a
time period elapsing from a release of latching between the
buckle and the tongue on the seat belt.

3. The seat belt retractor according to claim 2, wherein,
after the buckle and the tongue are in an unlatched state, the
seat belt is wound up at a first high speed until a first prede-
termined time period elapses from the release of latching
between the buckle and the tongue on the seat belt, the seat
belt is wound up at a low speed until a second predetermined
time period elapses after the first predetermined time period,
and the seat belt is wound up at a second high speed until the
winding of the seat belt is completed after the second prede-
termined time period.

4. The seat belt retractor according to claim 1, wherein the
speed of winding up the seat belt is variable according to an
amount of wound seat belt after a release of latching between
the buckle and the tongue on the seat belt.

5. The seat belt retractor according to claim 4, wherein,
after the buckle and the tongue are in an unlatched state, the
seat belt is wound up at a first high speed until the seat belt is
wound up by a first predetermined amount from the release of
latching between the buckle and the tongue on the seat belt,
the seat belt is wound up at a low speed until the seat belt is
wound up by a second predetermined amount after the first
predetermined amount of the seat belt is wound, and the seat
belt is wound up at a second high speed until the winding of
the seat belt is completed after the second predetermined
amount of the seat belt is wound.

6. The seat belt retractor according to claim 1, wherein the
speed of winding up the seat belt is controlled by voltage
applied to the motor.

7. A seat belt system, comprising:

a seat belt;

a tongue attached to the seat belt;

abuckle configured to releasably latch with the tongue; and

a seat belt retractor with a motor configured to enable a

winding up process of the seat belt, the motor being
configured to wind up the seat belt after unlatching of the
tongue and the buckle; and

a control unit configured to control a speed of the motor

between a first high speed, a low speed, and a second
high speed;

wherein the control unit is configured to control the speed

of the motor so that the first high speed, the low speed,
and the second high speed are each produced when the
tongue and buckle are in an unlatched state.

8. The seat belt system according to claim 7, wherein at the
first high speed of the motor, the seat belt is configured to
immediately wind up and away from an occupant.

9. The seat belt system according to claim 7, wherein at the
low speed of the motor, the seat belt is configured to continue
winding up at a speed less than the first high speed.

10. The seat belt system according to claim 7, wherein at
the second high speed of the motor, the seat belt is configured
to complete the winding up process at a speed higher than the
low speed and less than the first high speed.

11. The seat belt system according to claim 7, further
comprising a speed meter configured to detect a winding-up
speed of the motor.
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12. The seat belt system according to claim 11, wherein the
speed meter comprises a tachogenerator.

13. The seat belt system according to claim 7, wherein the
first high speed equals the second high speed.

14. The seat belt system according to claim 7, wherein the
speed of the motor is determined by a voltage applied to the
motor, and wherein when the buckle and tongue become
unlatched, a first high voltage is applied to the motor.

8

15. The seat belt system according to claim 14, wherein
after a first time period, the seat belt system is configured so
that a constant low voltage is applied to the motor.

16. The seat belt system according to claim 15, wherein
after a second time period, the seat belt system is configured
so that a second high voltage is applied to the motor such that
the seat belt completes the winding up process.
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